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INTRODUCTION
The broad goal of this project was to develop genome-wide RNAi approaches in mammals and to apply these to the discovery of new therapeutic targets for cancer. Specifically, we have generated and continue to build a library of short hairpin RNA expression constructs (shRNA) that will ultimately correspond to every gene in the human and mouse genomes. These are presently available as a public resource and used internally to screen for genes that are essential to the survival of breast cancer cells but which are dispensable for the survival of normal cells. A subset of these might prove suitable as therapeutic targets for breast cancer therapy. During the course of funding, two things have become clear. First, although they were not in place at the time of submitting this application, we have largely developed the technologies necessary to pursue the above goal. Second, funding in the Innovator award fell far short of that necessary to achieve the goal. Relevant to the last point, we have been able to leverage the Innovator award with several other funding sources to create a program, which was more suited to meeting the proposed goals.
BODY

Progress toward developing the technology necessary for genome-wide RNAi in mammals (these were funded in part by the Innovator award and also by a P01 from the NCI)
General introduction to the work supported under the Innovator award
Studies on the mechanism of RNAi
All of the technology described above was built upon studies of the RNAi mechanism. While these studies are funded by an R01, they benefit from the Innovator award, and it is acknowledged as general support for the P.I. We have made progress relevant to this goal, understanding in more depth the biochemistry of the RNAi pathway and working to apply this knowledge to the improvement of RNAi as a tool. Progress relevant to this effort are listed in the Reportable Outcomes section.
RNAi in mammals
When the application that led to this award was originally submitted, RNAi was know to work only in invertebrate systems. Use of RNAi as an experimental tool was common only in C. elegans and in Drosophila. Arguably, the discovery of Dicer and its connection to microRNAs by my laboratory and the elucidation of the structure of siRNAs by Tuschl and colleagues started a revolution in experimental biology by creating means to silence the expression of any gene in cultured cells or in animals. The development of stable silencing technologies was supported in part by this award, and these are now in widespread use within the breast cancer community. Indeed, in my recent service on the BCRP Integration Panel, I noted that a substantial fraction of the applications that we reviewed used the technologies that we developed with BCRP support. Manuscripts relevant to the development of these tools are listed in the Reportable Outcomes section.
Genome-wide RNAi libraries
Through our efforts and those of others, there have emerged two major methods for triggering RNAi in mammalian cells. These are transient silencing using siRNAs or stable or transient silencing using shRNAs. Both of these approaches have been validated in numerous publications. Since before the inception of this award, our goal has been to create a technology that would allow a single postdoctoral fellow in any reasonably well funded laboratory to scan every gene in the mammalian genome for those relevant to a specific phenotype. By building tools rather than by studying a specific biological question in breast cancer, we felt that we could maximize our impact. Now that the tools are largely built, we are returning to our initial goal of applying them to breast cancer biology. However, I firmly believe that putting the technologies that we have created in the hands of others will magnify the effects of the Innovator award.
Specifically, we have sought to create genome-wide RNAi libraries. Such libraries would contain elements capable of initiating an RNAi response in a transient or stable manner against every gene in the mouse or human genomes. In considering how to construct such genome-wide RNA libraries for human and mouse, we evaluated carefully the two available options. Our choice of the encoded artificial microRNAs (shRNAs) rather than siRNAs reflects several factors. First and foremost, shRNA expression constructs can be propagated and thus provide a limitless supply of material for public distribution. Second, many phenotypes, especially those relevant to breast cancer, require examination of cells over a long time frame. Third, shRNAs offer the flexibility to examine the consequences of silencing both in vitro and in vivo. Generation of the library has proceeded as a phased project with funding coming in part from the Innovator award and in part from other public and commercial sources (NCI, Merck, Oncogene Sciences, Genetech) . No funding mechanism has been permitted to place any restrictions on library distribution.
A more detailed description of the technology with some introduction regarding the underlying biology for reference follows. This has been taken from a recent Perspective that we assembled for Nature Methods to describe the tools that we built to the scientific community. All of these tools have been built as part of an ongoing collaboration with Steve Elledge (Harvard).
Introduction to RNAi
RNAi is an evolutionarily conserved, sequence-specific gene-silencing mechanism that is induced by double-stranded RNA (dsRNA). Each dsRNA silencing trigger is processed into 21-25bp dsRNAs called small interfering RNAs (siRNAs)1,2,3 by Dicer, a ribonuclease III family (RNase III) enzyme4. Resulting small RNAs enter the RNA-induced silencing complex (RISC), which uses a single stranded version of the small RNA as a guide to substrate selection1,3,5,6. Perfect complementarity between the substrate and the small RNA leads to target RNA cleavage by an RNAseH-like active site within an Argonaute protein that forms the core of RISC7,8. For each small RNA, the two strands of the Dicer product are treated differently. The strand with the less stable duplex at its 5' end is incorporated preferentially into RISC9.10. This realization has led to rational designs for effective siRNA sequences and yielded substantial improvements in both the efficiency and reliability of RNAi.
MicroRNAs are a class of endogenous double-stranded RNAs that exert their effects through the RNAi pathway. More than a decade elapsed between the discovery of the first microRNA (miRNA), C. elegans lin-411,12, and the achievement of at least a superficial understanding of the biosynthesis, processing and mode of action of this class of non-coding regulatory RNAs13,14. MicroRNAs are transcribed by RNA polymerase II as long primary polyadenylated transcripts (pri-miRNAs) 15, 16 . Through mechanisms that have yet to be discovered, the pri-miRNA is recognized and cleaved at a specific processing site by the RNase III family enzyme, Drosha, in the context of the Microprocessor complex, to produce a miRNA precursor (pre-miRNA) of approximately 70-90 nucleotides (nt) [17] [18] [19] [20] [21] 39 . The pre-miRNA has a 2-nt 3' overhang at one end17. This distinctive structure of is recognized by the Exportin-5/Ran-GTP heterodimer, and the pre-miRNAs is shuttled to the cytoplasm22,23. Only then is the miRNA precursor recognized and processed by Dicer into a mature miRNA, using the 3' overhang as a guide to site-specific cleavage at the second processing site24,25. We have build upon our ever deepening understanding of the biology of the RNAi and microRNA pathways to construct several large-scale libraries of artificial microRNAs that cover the majority of genes in the mouse and human genomes. Libraries covering the rat genome are currently under construction (G.J.H. S.J.E. and R. Gibbs, unpublished). Initial designs were based upon a simple hairpin structure that mimicked an intermediate in the microRNA maturation pathway26,27, the premiRNA; however, more recent and more effective designs are based upon modified primary microRNA transcripts28,29. In this review, we discuss the construction and features of our second-generation shRNAmir library with some reference to the first-generation library.
micro-RNA-based shRNA libraries
A miR-30-based shRNA expression cassette
The discovery of endogenous triggers of RNAi suggested that RNAi might be induced in mammalian cells by synthetic genes that express mimics of these naturally occurring regulatory molecules. Several groups have tested this approach by expressing artificial miRNAs in the form of short hairpin RNAs (shRNAs) with stems of varying lengths between 19 to 29 nt and loops of from 4 to 15 nt24, 26, 27, 30, 31 . Artificial miRNAs can be expressed from both RNA polymerase II and III promoters resulting in silencing to varying degrees.
At present there is no clear consensus as to the most effective manner to present synthetic miRNAs to the RNAi pathway. However, after extensively testing different design strategies, our results indicate that expression of the artificial microRNA in the context of a natural microRNA primary transcript provides the highest levels of mature microRNA in RISC and generally effective silencing. These structures can be transcribed by either RNA polymerase II or RNA polymerase III promoters, although in the context of an integrated genomic copy, the former provided the most consistent results. This permits the use of standard expression strategies for artificial microRNAs and allows access to all inducible and tissue-specific expression systems that have been developed for protein expression. Given previous reports of artificial microRNAs based upon miR-3015-17,28,29,32,33 and our own attempts to express artificial microRNA from several precursors, we chose to model our library design upon miR-30 ( Fig. 1) . Previous studies have indicated that the presence of sequences flanking the native microRNA is essential for its efficient processing. Therefore we designed each shRNAmir in a carrier such that it is flanked by ~ 125 bases 5' and 3' of the pre-miR-30 sequence. 
Selection of shRNA sequences
The artificial microRNAs used in our second-generation library are designed based upon a proprietary algorithm developed by Rosetta Inpharmatics (Ge et al., unpublished) . In general, these designed were reverse-engineered based upon tests of several thousand siRNAs. Overall, the designs follow the thermodynamic rules suggested by analysis of endogenous microRNAs and by studies of siRNA incorporation into RISC. However, additional positional biases promoter with leader sequence, a U6 terminator (term), a self inactivating retroviral backbone; two bacterial antibiotic resistance markers kanamycin (KAN) and chloramphenicol (Cmr); a proteindependent origin (RK6 ); a mammalian selectable marker (puromycin) driven by the PGK promoter; homology regions (HR1 and HR2) for use in bacterial recombination, and a randomly generated 60 mer barcode sequence (BC) inserted between BbsI and MluI restriction sites. Upon amplification shRNA cassettes are inserted into XhoI and EcoRI cloning sites. (b) pSM2 vector contains a U6 promoter with leader sequence, a U6 terminator following mir3', a self inactivating retroviral backbone; two bacterial antibiotic resistance markers kanamycin (KAN) and chloramphenicol (Cmr); a protein-dependent origin (RK6 ); a mammalian selectable marker (puromycin) driven by the PGK promoter; a homology region (HR2) for use in bacterial recombination and a randomly generated 60 mer barcode sequence cloned between FseI and AvrII sites. The shRNAmir inserts were cloned between the 5' and 3' flanking sequences derived from the mir-30 primary transcript using XhoI and EcoRI restriction sites. The nucleotide positions for sites in an excised version of an empty vector (no shRNA or barcode) are given.
are also introduced by the algorithm. Second generation libraries were designed to include six different shRNAmir constructs to each known and predicted genes of the human (34,711 genes) and mouse (32,628) genomes.
Vector Backbone
We constructed a second-generation library shRNA vector, pSM2 (Fig. 2) , in which the shRNA-mir expression cassette can be packaged in a self-inactivating murine stem cell virus (MSCV). As with our first-generation shRNA library vector, pSM1 (Fig. 2) , the expression of the small RNA is driven by the U6 promoter along with the U6 snRNA leader sequence, which is lies between the promoter and the 5' end of the miR-30 flanking region. An RNA polymerase III termination signal is inserted immediately after miR30 cassette. This arrangement was determined empirically in transient transfection experiments to give effective silencing.
To facilitate the tracking of shRNAs in complex pools, a randomly generated 60 nt DNA 'barcode' region was created downstream of the miR-30 cassette such that individual hairpin RNAs are identified through their hybridization to custom barcode to oligonucleotide microarrays. One of the key design features of pSM2, unlike its predecessor, is the ability to swap library inserts (miR30 cassette, barcode, and the microbial selection marker) into recipients plasmids containing other promoters (e.g. Pol II promoters for tissue-specific or inducible expression) by mating-assisted, genetically integrated cloning (MAGIC)27,29.
The MAGIC system
MAGIC is a gene transfer system designed to work exclusively in vivo34. While originally designed for transfer of open reading frames, we adapted it for use in our shRNA system. For use in with MAGIC, the pSM2 vector was designed with a conditional origin of replication (R6Kγ) and a transfer system for the fertility factor F'. In the presence of an F' with a functional tra operon, the transfer origin can mobilize pSM2 for exchange from one strain into a second strain. Additionally, the pSM2 mir-barcode-CmR region is flanked by I-SceI sites. The recipient vector, whether it be a standard plasmid or a lentivirus vector, must also contain two I-SceI sites flanking a negative selectable marker, PheS294G. Outside of the I-SceI sites in the recipient lies homology to the 5' of mir30 on one side and homology to the sequences just after the CmR gene on the other side. The PheS gene encodes a mutant phenylalanine tRNA synthetase which can charge tRNAPhe with phenylalanine or an altered version, chloro-phenylalanine (Cl-Phe) if the latter is supplied in the medium. Cl-Phe is toxic to cells if incorporated into proteins and is not utilized by the wild-type PheS protein. Thus the mutant PheS is a dominant, negative selectable marker. Recombinational shRNA gene transfer occurs when pSM2 is mated into the strain containing the recipient vector of interest, typically an ampicillin resistant vector containing a non-conditional pUC origin. In the recipient strain the I-SceI restriction enzyme is induced and cleaves both pSM2 and the recipient. The resulting linear molecules can be recircularized by homologous recombination between the liberated mir30-CmR fragment and the recipient vector from which the PheS294G gene was excised by I-SceI. Only a correct recombination event will give rise to a replication competent vector that contains the Amp marker plus the Cmr marker and that lacks pheS. It should be noted that the pSM2 plasmid has a conditional origin of replication. Thus, it cannot replicate in the recipient strain and therefore any cell that becomes Cmr must have transferred the resistance cassette to the non-conditional origin on the ampicillin resistant recipient plasmid to create the desired recombinant. This is illustrated below in figure 3 . The advantages of this system is that whole libraries of shRNAs and their barcodes can be transferred into different vector backbones with different markers, different promoters or in combination with other genes without the need for conventional cloning, lending great versatility to the existing libraries. DNA oligonucleotide templates for each second generation silencing trigger consists of common 5' and 3' miR-30 regions flanking a 22 nt sense and a 22 nt antisense target sequence that is separated by the 19 nt miR30 loop (Fig. 1a) . These shRNAmir templates are designed to be conveniently amplified by universal primers (Fig. 1b) . The amplicon encoding each artificial microRNA is inserted between XhoI and EcoRI restriction sites that are flanked by pri-miR-30 sequences.
Library construction
The cloning strategies used for creating first and second generation libraries were notably different. Rather than using conventional methods for the generation of large and complex libraries of defined nucleic acids, we employed a more cost effective approach by synthesizing oligonucleotides on printed microarrays. Though there are several available technological approaches to synthesizing DNA microarrays, we chose and validated inkjet synthesis (Agilent Technologies, Inc.) as it provided the most accurate production of the long oligonucleotides (96 nt) required for our application. PCR amplification of ammonium hydroxide-cleaved templates yielded an average of ~25 % to >60% of perfect shRNAs, using a combination of thermostable, proofreading polymerases and PCR enhancing agents. Oligonucleotides corresponding to more than 32,000 known and predicted genes in human (> 195,000) and mouse (>187,000) were synthesized on more than 21 glass slide microarrays, each capable of carrying 22,000 to 24,000 oligo probes per array. To maximize cloning efficiency, we inserted the pSM2 backbone into lambda phage flanked by loxP sites. This was first used to create a high complexity library of barcoded cosmids comprising ~ 108 independent clones. This pool then served as the vector population for library construction. shRNAmir inserts were amplified from cleaved chip oligonucleotides in pools of ~22,000. These were inserted between the XhoI and EcoRI sites in barcoded λ-pSM2. More that 106 independent clones were routinely obtained for each pool. Phage populations containing the shRNAmir inserts were used to infect BNN132, a bacterial strain that expresses Cre recombinase. Exision of the shRNAmir plasmid from the phage occurred with ~50% efficiency (comparison of plaque forming versus colony forming units). Each pool was then entered into a customized, high throughput sequencing pipeline.
As with the first generation library, all pSM2 clones are sequenced-verified and stored individually in multiwell format. Depending upon the individual array synthesis, between 25 and 50% of all clones contained the correct shRNAmir sequence. Sequencing progress was monitored dynamically for each pool, and sequencing was halted when accumulation of new clones dropped to an unacceptable rate. At this point, sequences that were already identified were withdrawn from the library and arrays were synthesized to produce new shRNAmir oligonucleotide populations for cloning and sequencing. Each time the number of sequence-verified shRNAmir for a given gene exceeded three, the remaining oligonucleotides were also withdrawn from the synthesis queue. Iterative synthesis of more than 70 custom microarrays has thus far yielded 87,283 verified human shRNAmir clones and 76,896 verified mouse shRNAmir clones (see Library at a Glance). Summaries of coverage for specific functional groups are given in Table 1 . All second-generation shRNA clones are made available to the research community through Open Biosystems Inc. (Huntsville, AL) as soon as they are sequence-verified and pass through Open Biosystems quality control.
Validation of shRNAmir designs
Our initial studies indicated that longer hairpin structures (~29 nucleotide stems) were more effective triggers than those containing shorter stems of 19 nt to 21 nt24. However, all of these structures were designed around the pre-miRNA, which is an intermediate in microRNA biogenesis. When advances in our basic understanding of microRNA biology revealed in initial upstream processing step, we sought to compare the relative potency of artificial microRNAs designed around expression of the pre-miRNA to those modeled on the primary microRNA transcript. Direct comparison of small RNA production by northern analysis showed that a significantly higher amount of small RNAs (22 nt) are produced with shRNAmir designs (modeled on the primary miRNA transcript) as compared to simple hairpin designs modeled on the pre-miRNA. Overall, approximately 12 times more small RNA was incorporated into RISC when the same mature sequence was produced from pSM2 as compared to pSM1.
In order to successfully apply siRNA design rules to shRNAs, it was crucial to predict precisely the mature small RNA that is generated from pSM2 by Dicer and Drosha processing. Initial designs were based upon studies of Dicer and Drosha processing sites in native miR-30 and on extensive biochemical experimentation with processing of artificial microRNAs both in vitro and in vivo.
We verified assumptions inherent in shRNAmir design by directly mapping the 3' ends of a number of small RNAs generated from shRNAmir vectors. We were able to infer the 5' end of mature small RNAs by counting 22 nucleotides from mapped 3' ends of both the guide and passenger strands of shRNAmir constructs (Fig. 1a) . For some synthetic hairpins that have been tested, we could not determine the cleavage site definitively as our studies indicated that mature products could vary by a single base at their 3' ends (Fig. 1a) . Perhaps this reflects a genuine heterogeneity in Drosha cleavage as also been observed with Dicer substrate processing in vitro and for mature microRNAs in vivo. Thus in target sequence selection for design of shRNAmirs, we chose target sequences that gave similar thermodynamic profiles even if processing sites were translocated by a base.
Library validation
To test the performance of the first-and second-generation shRNA libraries in a biological context, we chose an assay for which we could expect to recover numerous shRNAs targeting a known biological process. We focused on an assay that could report, in a quantitative manner, proper function of the 26S proteasome. The proteasome is a major non-lysosomal protease in eukaryotic cells and its function can be detected in an assay in which the mouse ornithine decarboxylase (MODC) gene, a well-known target of the proteasome, containing a PEST domain, directs degradation without the need for ubiquitination35. A green fluorescent protein (Zs green) is fused to the MODC degron such that any disruption of proteasome function can be detected by the accumulation of fluorescence. Thus we sought to identify shRNAs that could compromise proteasome function. Our goal was to examine the performance of both versions of our shRNA libraries using the same approach.
A collection of approximately 7000 first-generation library plasmids, targeting 4873 genes, were individually transfected into HEK293T cells along with the MODC reporter and a transfection control (DsRed). We recovered close to 100 RNAi constructs that resulted in the increase of ZsGreen fluorescence above background. Twenty-two of these corresponded to 15 proteasome subunits, and all scored positively in a secondary screen involving only these 22 hairpins and 33 non-scoring proteasome hairpins from the first round. An additional 14 shRNAs targeting proteasome directly also scored in a more focused assay. In all, the positively-scoring hairpins targeted mostly the 19S base subunits including 5 out of 5 ATPases and the 2 largest nonATPases. We found that targeting of the 19S lid and the 20S core produced lower hit rates. All positive hairpins showed measurable suppression by western blotting and fluorescent microscopy 27.
In order to compare performance of the second-generation library to the first, we chose 53 shRNAs (24 first generation and 29 second generation hairpins), targeting 13 different genes involved in proteasome function and tested their individual ability to effect accumulation of ZsGreen in transient assays. We found that the majority of second-generation shRNAmirs were as potent as the best hairpins identified in the screen of the first generation library. There was a good correlation between disruption of proteasome function and reduction in mRNA levels as measured by quantitative RT-PCR. This indicated that, on average, the second shRNAmirs performed substantially better than first-generation shRNAs modeled on pre-miRNAs. To test the second-generation library in the context of a screen, a set of 515 human kinase shRNAmirs containing 47 shRNAmirs directed against proteasome subunits was assayed for effects on proteasome function. We found that 34 of the 47 proteasomal hairpins scored positive and 10 other shRNAmirs that were not previously linked to proteasome function also scored. In a secondary screen with these 44 candidates, all but 5 shRNAs (nonproteasomal) scored upon retesting 29.
Vectors and shRNA expression
It is now known that miRNAs are predominantly transcribed by RNA polymerase II. Direct comparison of various RNA polymerase III promoters (U6, H1, and tRNA-val) and RNA polymerase II promoters (CMV and MSCV-LTR) with a highly potent shRNAmir in transient assays showed little difference in suppression. With a less efficient hairpin, however, the CMV and U6 promoters demonstrated the highest level of suppression, but performed equally well. Based upon these results, we chose to retain the U6 promoter for the expression of library shRNAmirs. For long-term suppression, pSM2 can efficiently produce stable populations by random integration of library cassettes into target genomes 36.
Suppression of gene expression at single copy facilitates screening of shRNAs in pools. This is true for both positive selections and for negative selections using barcode hybridization for tracking depleted clones. Initial experiments aimed at generating gene knockdown using single copy integrants of pSM2 were highly variable using the U6 promoter. We therefore began to explore other promoters to drive miR-30 expression. CMV-miR-30 which had been shown by others and ourselves to work in transient assays, did not fare well at single copy in a range of cell lines tested. However, extensive testing led to two strategies that allowed much higher penetrance knockdown at single copy. We found that including a substantial spacer sequence, GFP in the initial case, between CMV and miR-30 greatly increased its ability to knockdown gene expression36. The underlying biochemical reason why the spacer leads to increased knockdown efficiency is not presently clear. We also found that the non-self inactivating LTR (SIN) version of pSM2, MSCV, was also highly efficient at single copy gene knockdown when miR-30 was driven from the LTR promoter37. This is likely due both to the broad spectrum of cell types in which the MSCV LTR is active and to the 1.8 kB packaging signal serving as a de facto spacer sequence. These findings have led to much more efficient vectors for expression of shRNAmir libraries that should allow routine, high efficiency knockdown of gene expression and efficient barcode-based screening.
Understanding the interplay between the spacer region and the shRNAmir in combination with polII promoters allowed us to take advantage of existing conditional promoter technologies to generate conditional knockdown vectors. We have developed a series of Lentiviral vectors with both constitutive and conditional promoters based on the various Tet-repressor regulated systems36. These are the PRIME vectors, which have been demonstrated to allow efficient regulated gene knockdown even at single copy. The PRIME series also has additional spacer fragments in place of GFP to allow their use with screens that already use GFP as a reporter. Similar series of vectors based upon conditional promoters inserted into MSCV-based SIN vectors have also been reported and validated.
Outlook : Barcode versus arrayed screening formats
The second generation Hannon-Elledge libraries are presently available in arrayed formats suitable for high throughput DNA preparation, plasmid transfection, virus production and well-by-well screening approaches. However, the use of such methods is beyond the budgets of all but the most well funded laboratories. At the core of our philosophical approach toward the generation of the tools described herein was to democratize the use of RNAi as a genomewide tool. Therefore, we have been developing strategies that take advantage of pooled collections of sequence-verified shRNAs. Of course, the use of such pools in positive selection schemes is easy to envision. However, we have also developed methods that permit the discovery of shRNAs that become either enriched or depleted from a population in response to a specific stress using barcode microarrays to measure relative abundance of individual constructs within a mixed population. Current protocols allow the simultaneous screening of up to 10,000 individual constructs using arrays that report for approximately 85% of all members of the population. The behavior of constructs is consistent with biological replicates in outgrowth experiments displaying correlation coefficients in the range of .85-.95 (Silva et al, in prep) . We therefore feel that in the near future, the use of highly parallel tools for forward genetics in mammalian cells will become accessible to a substantial fraction of the community.
Summary and future directions
The Innovator award has provided key support for the development of broadbased technologies that are now in widespread use within the breast cancer community. Thus far, through Open Biosystems, we have distributed more than 1,000,000 shRNA constructs to laboratories worldwide. While their application is not specifically restricted to breast cancer, the impact within the breast cancer community can be seen both in the literature and in the grant applications that are being seen by the BCRP.
My own laboratory remains dedicated to our original goal, the application of these genome-wide resources to identifying new targets for breast cancer therapy. We are presently trying to raise philanthropic support for a large program to scan for genetic susceptibilities of roughly 60 breast cancer cell lines. By correlating specific lethality profiles, determined by barcode microarrays, with mutation, copy number polymorphism and expression pattern data that are already available, we hope to find correlations between specific genetic alterations in tumor and sets of genetic susceptibilities. This would lead to the simultaneous identification of new targets and instruction for how best to apply drugs targeting them. Beyond, the initial search, we plan extensive pre-clinical evaluation of targets in orthotopic mouse models. Over the past few years, we have gained substantial experience in mammary stem cell biology and in mammary fat pad reconstitution. By orthotopic transplantation of human tumor cell lines or through experiments based upon tumors arising from engineered mouse mammary epithelial stem cells, we can evaluate targets using first inducible RNAi strategies developed with the support of this award. Moreover, we have begun to develop systemic RNAi delivery strategies that will allow us to test potential targets, essentially using synthetic RNAs as drug mimics. While our goal is not explicitly to develop RNAi-based therapies within this program, these could arise as a secondary consequence of our preclinical work.
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